Data treatment and determination of the standard heterogeneous rate constant of simple ET process (simple electron transfer) & number of electrons consumed in electrode reaction were carried out via convolution-deconvolution voltammetry and digital simulation methods. The working curves required for determination of the standard heterogeneous rate constant, k s , were constructed and discussed. The number of electrons, n, consumed in electrode reaction was calculated via simple method. The electro-reduction of Pb 2+ was carried out at hanging mercury drop electrode while the redox behaviour of Fe 3+ /Fe 2+ couple was performed at glassy carbon electrode to confirm the validity of the reported method in calculation of k s and n in case of simple ET.
INTRODUCTION
It was established that when the dimensionless parameter Ψ ≥ 7, the heterogeneous rate constant of electron , k s , of the electrode reaction is fast, while in case of Ψ < 0.001 the rate of electron transfer of electrode reaction is slow. In the region of Ψ between 0.001 and 7.0 is that of so-called moderate fast electron transfer. 1 The correlation between Ψ and k s is indicated in the following equation:
(1) ( πDnFν/ RT) 1/2 As shown Ψ is a function of heterogeneous rate constant of electron, k s , and scan rate, ν, i.e. Ψ increase with increasing k s and decrease with increasing ν.
The exact peak separation (∆E p ) as a function of Ψ is given in the working curve established by Nicholson. 1 It was found that when ∆E p > 250 mV/n, the calculation of standard heterogeneous rate constant, k s , is inaccurate. This means that the useful range of the working curve for the determination of k s is 59 ≤ ∆E p ≤ 250 mV/n.
The present work gives an alternative accurate method for data analysis via construction of the working curves for determination of the heterogeneous rate constant (k s ) of the simple electron transfer scheme in the range 10 to 1x10 -6 cm.s -1 . It was found that, our proposed method minimize the error arising in calculation of the standard heterogeneous rate constant (k s ) determined from tabulation method especially when ∆E p > 250 mV/n. The electro-reduction of Pb 2+ ion in 0.1 M KNO 3 at HMDE and the redox behaviour of Fe 3+ /Fe 2+ system in 1M HCl at glassy carbon electrode (GCE) were taken as an experimental examples of simple ET. The heterogeneous rate constant of these ions was determined via the constructed working curves in the present article. Also, this work provide a simple and accurate method for determination of the number of electrons consumed in electrode reaction.
The convolution transforms I 1 is defined as following:
where i(u) is the current at time u and t is the total elapsed time.
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The electrochemical parameters used for generating the theoretical cyclic voltammograms of the electrochemical reaction /F 2+ ions respectively, Ag/AgCl reference electrode and Pt wire as counter electrode were used. . Prior to the electrochemical experiments, solutions were deoxygenated by passage of N 2 gas.
EXPERIMENTAL
A model 264 A Polarographic Analyzer (from EG & G) was coupled with the cell for CV experiments. Scan rates used ranged from 0.05 -5 Vs -1.
The simulation and convolutive voltammetry were performed using finite differences techniques. 8, 9 Algorithms were coded and implemented into condesim software package supplied by EG & G. . The potential was usually scanned between 0.0 V (initial value) and -1.0 V (switching value at fast ET); while for totally irreversible charge transfer, i.e. for Ψ < 1x10 -3 , the voltage window of the voltammogram was between 0.0 and -1.2 V. From the values of peak characteristics of the generated cyclic voltammograms (E p -E p/2 , E p -E 0 , E p/2 -E 0 and ∆E p ) as a function of Ψ, working curves were constructed with unprecedented treatment of the investigated simple ET scheme. The values of E p -E 0 used for preparing the working curves was in the range 28.3 to 629 mV, while Ψ values ranging from 572.9 to 4x10 -6 for peak separation, ∆E p , 57.0 -1257.0 mV/n at α = 0. 5. Fig. 2 ). 2 It was found that deconvolution voltammetry 7, 11-18 is a particular efficient tools in qualitative and quantitative electroanalysis. The action of semi differentiation operator 'e' on a current is to generate a quantity defined by
RESULTS AND DISCUSSION
which is defined as the deconvolution of the current with respect to time. 7 The ratio of the forward (dI 1 /dt) f and backward (dI 1 /dt) b peak height of deconvolution voltammetry 19 is taken as a simple and accurate tool for testing and verifying the simple ET of the electrode process similar to the ratio of peak current (i pb /i pf ) measured from cyclic voltammogram. It was found that, the ratio (dI 1 /dt) f / (dI 1 /dt) b equals 1.0 and independent on the value of scan rate in the case of rapid and slow charge transfer ( Table 2) .
The values of the most significant quantities of wave characteristics of cyclic and deconvolution voltammetry at arbitrary values of Ψ and transfer coefficient (α = 0.3 & 0.5) are listed in Table 3 . The plots of log Ψ versus peak width of the deconvoluted current (W p ) and the separation between the forward and backward peak potentials of the deconvoluted current (∆e p ) of the generating cyclic voltammograms shown in Fig.3 allow the evaluation of standard heterogeneous rate constant in the range 10 to 1x10 -6 cms -1 . Also, the number of electrons consumed in electrode reaction can be calculated from combination between the limiting convoluted current (I lim ) , and the peak current (i p ) for fast and slow ET as following:
where
, α is the transfer coefficient, n a is the number of electrons exchanged in the rate determining step, and the other terms have their usual meanings. Eqs (4) & (5) can be write in the following forms:
and (i p ) irr /I lim = 3.099(αn a ) The dependence of the ratio of the forward peak height to the backward peak height (e pf /e pb ) of deconvolution voltammetry on the sweep rate at k s = 0.1 cm.s -1 and k s = 10 -6 cm.s -1 .
where (e pf ) rev = (dI 1 
v/4RT and (e pf ) irr = (dI 1 Also, in the same manner, the ratios ((dI 1 /dt) f /i p ) and ((dI 1 /dt) f / I lim ) for reversible and irreversible electrode processes can be written in the following form: The numerical values of the ratios of peak current height of cyclic voltammograms, deconvolution voltammetry, limiting current and the number of electrons calculated via these ratio in case of fast and slow electron transfer for theoretical and experimental work. Hence, Eqs. (6-11) can be used as a simple route for determination of n, α, n a of the electroactive species without knowing the electrode surface area and without knowing the bulk concentration of the electroactive species. Fig.  4 indicates an example response of convoluted and deconvoluted current of fast ET system. Table 4 includes the computed values of the ratios and n obtained from Eqs 6-11. It was found that, the values of n calculated in this article agree well with that used in generating the cyclic voltammograms in case of theoretical work (Table 4) . On the other hand, in case of electrode reaction of Pb(NO 3 ) 2 and Fe 3+ /Fe 2+ systems in aqueous media, the value of n calculated from Eqs. 6 -11 is equal to 1 ± 005 in case of the electrode reaction of Fe 3+ / Fe 2+ pair and 2 ± 0.005 in case of electro-reduction of Pb 2+ ion which agree with the values of n reported in literature.
2,10

CONCLUSION
A simple and accurate method for evaluating the heterogeneous rate constant k s , via cyclic voltammetric data and convolution deconvolution procedures for simple ET systems has been developed. From the above discussion it is clear that the most applications of theoretical data established in the present work are the tabulation and plotting of the dimensionless parameters, Ψ, vs. E p -E 0 , W p , Δe p for elucidation of the experimental phenomena as well as the estimation of the number of electrons involved in the electrode reaction.
